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Abstract
While small antelopes are becoming increasingly threa-
tened, knowledge of their biology is often limited. Man-
agement recommendations are therefore frequently based
on insufficient information. One of the declining small
antelopes is the suni in South Africa. A reduction in sand
forests as well as habitat destruction by increased nyala
populations are the suggested causes of suni declines.
However, no recent study has quantified the factors that
underlie suni distribution in southern Africa. Here we
investigate whether the vegetation types, vegetation
structures or occurrences of sympatric browsers affect suni
distribution within Tembe Elephant Park, South Africa.
We found that vegetation type and vegetation structure
interacted in their effects on suni distribution, but there
were no effects of sympatric browsers. Suni were found
most often in the sand forests, but were also present in
closed woodland. Vegetation structure was, however,
related to the local distribution of suni only in sand forest.
This highlights that suni are not exclusively bound to sand
forest, and also that the vegetation structure within the
sand forest may be as important as the vegetation type. We
suggest that the current conservation assessment of this
subspecies is based on insufficient data, and that a more
detailed assessment of their distribution and the factors
that determine the same is critically needed.
Key words: conservation management, habitat, Neotragus
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Résumé
Alors que les petites antilopes sont de plus en plus
menacées, la connaissance de leur biologie est souvent
limitée. Les recommandations concernant leur gestion
sont donc souvent basées sur des informations insuffi-
santes. Une des petites antilopes en déclin est la suni, ou
antilope musquée, en Afrique du Sud. Une réduction des
forêts sablonneuses, ainsi que la destruction de l’habitat
par des populations croissantes de nyalas, sont des
causes possibles du déclin des sunis. Cependant, aucune
étude récente n’a quantifié les facteurs qui sous-tendent
la distribution des sunis en Afrique du Sud. Ici, nous
testons si le type de végétation, la structure de la
végétation ou l’occurrence d’animaux brouteurs sym-
patriques affectent la distribution des sunis dans le Parc
à Eléphants de Tembe, en Afrique du Sud. Nous avons
découvert que le type et la structure de la végétation
interagissaient dans leurs effets sur cette distribution,
mais que les animaux brouteurs sympatriques n’avaient
aucun effet. Les sunis se trouvent le plus souvent dans
des forêts sablonneuses, mais sont aussi présentes dans
les forêts fermées. La structure de la végétation n’était
pourtant liée à la distribution locale des sunis que dans
les forêts sablonneuses. Ceci souligne le fait que les sunis
ne sont pas exclusivement liées aux forêts sablonneuses
et aussi que, dans ce milieu, la structure de la végétation
peut être aussi importante que le type de végétation.
Nous suggérons que l’actuelle évaluation de la conser-
vation de cette sous-espèce se base sur des données
insuffisantes et qu’une évaluation plus détaillée de sa
distribution et des facteurs qui la déterminent est tout à
fait indispensable.
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Introduction
It is estimated that approximately 90% of Africa’s small
antelope species are suffering population declines (East,
1999; Bowkett, 2003). While bush meat trade has been
the dominant factor behind the declines in central and
West Africa (Newing, 2001; Fa et al., 2006), destruction of
habitats is a major threat in eastern and southern Africa
(Lawes, 1992; Moyer, 2003). However, despite declining
populations (East, 1999), our understanding of the ecology
(Newing, 2001), taxonomy (Cotterill, 2003) and distribu-
tion (Grubb, Groves & Powell, 2003) of many of these
species is still severely limited. An increase in empirical
field data is thus urgently needed to aid in conservation
planning (Bowkett, 2003).
The suni (Neotragus moschatus Von Deuben) is a small
browsing antelope that feeds exclusively on fallen leaves
and fruits (Lawson, 1989). Suni weigh approximately 5 kg
and range from the north-east coast of South Africa to
southern Kenya (Skinner & Chimimba, 2005). The degree
of relatedness across different populations has not been
rigorously investigated but up to five subspecies have been
formally recognized (Meester & Setzer, 1971). The most
southern of these, Neotragus moschatus zuluensis (Thomas)
occurs in the north-eastern part of South Africa, southern
Mozambique and south-eastern Zimbabwe (Skinner &
Chimimba, 2005). Populations of this southern subspecies
have recently experienced population declines and are
currently classified as regionally vulnerable by the IUCN
(Friedmann & Daly, 2004).
Factors generally considered important for forming
suitable suni habitat are a closed canopy, high shrub
stem density and a low ground cover (Lawson, 1986;
Friedmann & Daly, 2004). Within South Africa, suni are
reported to favour the sand forest found in the Maputaland
region of the KwaZulu-Natal Province (Lawson, 1986),
although they occur in the dry forests in the northeastern
parts of Kruger National Park as well (Friedmann & Daly,
2004). The Maputaland sand forest is a vegetation type
that is rapidly declining (Van Rensburg et al., 1999).
However, preliminary work has suggested that suni may
also utilize other vegetation types, for example closed
woodland (Van Eeden, 2006). In addition, other factors
such as vegetation structure have been suggested as
potentially important determinants of suni distribution in
other parts of their range (Tinley, 1969; Kingdon, 1982).
Fragmentation of sand forests caused by land clearance
for agriculture and human settlement, bush meat exploi-
tation and interspecific competition primarily with nyala
(Tragelaphus angasii Gray) have been assumed to underlie
the decline of suni in South Africa (East, 1989; Friedmann
& Daly, 2004). Based on these assumptions, management
recommendations for the region include preservation of
sand forest, monitoring the effects of elephants (Loxodonta
africana Blumenbach) on sand forest and control of nyala
population size in closed reserves (East, 1989; Friedmann
& Daly, 2004). However, to date very little empirical data
have been collected on suni in southern Africa and these
recommendations are based on a single study (Lawson,
1986) that was conducted over 20 years ago. Despite a
recent study by Prins et al. (2006) on suni diet preferences,
there is an urgent need for additional information to test
whether current management recommendations for the
declining suni populations in southern Africa are still va-
lid. In this study, we investigated whether vegetation type,
vegetation structure or sympatric occurrences of other
browsers were associated with suni distribution within the
Tembe Elephant Park, South Africa.
Material and methods
The study was carried out in Tembe Elephant Park
(2701¢S; 3224¢E) on the southern Mozambique Coastal
Plain of northern KwaZulu-Natal, South Africa. The park
covers an area of 30,000 ha and shares its northern limit
with the border between South Africa and Mozambique
(Fig. 1). The vegetation of the park has been classified into
seven distinct vegetation types: sand forest, closed wood-
land, open woodland, sparse woodlands, Acacia shrub
land, hygrophilous grassland and Muzi swamp (Matthews
et al., 2001). We used digital data layers of vegetation type
to identify patches of closed woodland and sand forest
vegetation. We did not select vegetation patches in any
other vegetation type as they are highly unsuitable for
suni. We selected a number of vegetation patches large
enough to minimize edge effects and placed 39 transects
each in closed woodland and sand forest throughout the
park (Fig. 1). With four exceptions, we placed two adjacent
transects in each patch on account of logistical difficulties
of reaching remote areas of the park. The transects were
100 m long, were placed at least 300 m apart and at least
100 m away from the edge of the habitat type.
All field data were collected between July and August
2005. For recording the relative abundance of different
browsing herbivores for each vegetation type, we counted
all discrete pellet groups from browsers along each
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transect. Pellets were distributed in distinct groups. We,
therefore, used pellet groups as units of measurement. We
only counted a pellet group if it was accurately identified
and within 1 m of each side of a given transect. Because of
the difficulties associated with pellet identification, identi-
fication was always carried out by the same individual
with the help of experienced pellet identification experts.
We used a modified version of the Point-Centre-Quarter
method (PCQ) (Cottam & Curtis, 1956) to estimate stem
densities. We recorded ten PCQ points for each transect.
We identified PCQ points by walking a random number of
paces away from the strip transect at ten evenly spaced
points along the transect. At each PCQ point, we recorded
the distance between the centre of the PCQ point to the
base of the nearest woody-stemmed plant in two different
height categories (low stratum: woody plants < 0.5 m in
height; high stratum: woody plants >0.5 m in height) to
the nearest centimetre. From these data, we calculated
average stem densities per hectare for each height category
(Mueller-Dombois & Ellenberg, 1974). PCQ measurements
from the low stratum were used as an estimation of ground
cover (there was no herbaceous or grassy vegetation
present), and measurements from the high stratum were
used to represent the density of shrubs and trees. Although
the PCQ has shortcomings, for instance it does not take
into account the branching structure of the vegetation
measured (Hanekom & Wilson, 1991), it provides a robust
estimator of vegetation structure as it minimizes mea-
surement error and observer bias (Walker, 1976).
We used a generalized linear mixed model with a bino-
mial error structure and a logit link function to model the
effects of vegetation type, vegetation structure and occur-
rences of other ungulates on the probability of suni pres-
ence within vegetation patches. We used presence or
absence of suni droppings as a binary response variable,
and vegetation type, stem density within the low stratum,
stem density within the high stratum, number of red dui-
ker (Cephalophus natalensis Smith) pellet groups, number of
nyala pellet groups and number of pellet groups of other
herbivores as fixed factors or covariates (see Table 1). We
pooled pellet counts for all herbivore species except for
nyala and red duiker on account of insufficient number of
pellet groups of each species within individual transects.
We included up to three-way interactions between vege-
tation type and the two measurements of stem density, and
added the main effects of pellet counts of the other herbi-
vores. We further added each pair of transects within a
vegetation patch (see above) as a random factor to account
Fig 1 Location of Tembe Elephant Park,
South Africa, distribution of sand forest
and closed woodland in the park as well as
surveyed transects coded by suni presence
or absence as determined by counts of
pellet groups
Table 1 Variables used to predict suni presence in vegetation patches in Tembe Elephant Park
Variable Type Description
Vegetation type Factor General vegetation type of transect; closed woodland or sand forest
Stem density low stratum Continuous Stem density of shrubs and trees <0.5 m in height
Stem density high stratum Continuous Stem density of shrubs and trees >0.5 m in height
Red duiker Continuous Total number of red duiker pellet groups within each plot
Nyala Continuous Total number of nyala pellet groups within each plot
Other Continuous Total number of pellet groups of other large and medium sized herbivores within each plot
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for spatial pseudoreplication. Stem densities of the high
stratum were log-transformed before being added to the
model to meet the assumption of homoschedasticity. We
fitted the model using the Laplace approximation of the
model maximum likelihood (Bates & Sarkar, 2007).We
tested whether stem densities of the high stratum differed
between the two vegetation types using a mixed linear
model with log-transformed stem densities as response
variable, vegetation type as fixed factor and transect pair
as random factor. We evaluated fixed effects in both models
using likelihood ratio tests based on sequential deletions of
model terms (Crawley, 2002) and beta parameters in the
logistic model using a z-statistic. Statistical analyses were
conducted in R version 2.4.1 for Linux (http://www.
r-project.org).
Results
Suni were found throughout the park (Fig. 1), but was the
only browser that was found more frequently in sand forest
than closed woodland except for red duiker (Fig. 2). There
was a significant two-way interaction effect between veg-
etation type and stem densities of shrubs and trees in the
high stratum (v2 = 4.48, d.f. = 1, P = 0.03), but no other
factors were associated with suni presence (Table 2). This
interaction indicated a strong relationship between stem
densities and probabilities of suni presence in sand forest
(b = 2.38, z = 2.31, P = 0.02; Fig. 3a) but not in closed
woodlands (b = )0.34, z = 0.30, P = 0.76; Fig. 3b). This
difference appears to have been caused by differences in
stem densities between the vegetation types (v2 = 12.27,
d.f. = 1, P < 0.01; Fig. 3c).
Discussion
Vegetation type clearly affected suni distribution within
the park, with a higher probability of finding suni in sand
forest than in closed woodland. This agrees with what has
previously been reported for suni in this region (Lawson,
1986). It is worth noting that all other browsing species
except for the red duiker were found more frequently in
closed woodland. This suggests that the suni may have a
unique role within the browsing guild in these ecosystems,
which emphasize the need for preserving viable popula-
tions of suni in South Africa. It is not surprising that red
duiker were found more often in sand forest as well, as
both suni and the red duiker are forest-dwelling species
which show a preference for areas with dense vegetation
(Skinner & Chimimba, 2005).
However, despite the apparent preference for sand forest,
we found evidence for presence of suni in the closed
woodland in Tembe Elephant Park as well. The use of this




















































Fig 2 Raw counts of transects with presence of commonly
occurring browsers in closed woodland (CW) and sand forest (SF)
within Tembe Elephant Park. The results are based on pellet
counts along 39 transects in each habitat type
Table 2 Results from likelihood ratio tests on terms in a gener-
alized linear mixed model on the effect of vegetation type,
vegetation structure and sympatric occurrence of browser on
probabilities of suni presence in Tembe Elephant Park
Term d.f. v2 P
Vegetation type 1 15.74 <0.01
Stem density high stratum 1 3.11 0.07
Stem density low stratum 1 <0.01 >0.99
Red duiker 1 1.79 0.18
Nyala 1 0.57 0.45
Other herbivores 1 2.04 0.15
Vegetation type · stem density
high stratum
1 4.48 0.03
Vegetation type · stem density
low stratum
1 1.35 0.24
Stem density low stratum · stem
density high stratum
1 0.49 0.48
Vegetation type · stem density low
stratum · stem density high stratum
1 0.24 0.62
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considerations of suni in South Africa (Friedmann & Daly,
2004). This highlights the need for empirical surveys
mapping the distribution of poorly known species before
making specific management recommendations.
The preference for the sand forest vegetation type ap-
pears to be driven by a preference for dense vegetation,
with a strong effect of vegetation structure within sand
forest but no effect in closed woodland, where stem den-
sities never reached above what appears to be a critical
threshold of approximately 10,000 stems per hectare. This
suggests that vegetation structure may be more important
for forming suitable suni habitat than vegetation type, and
that there may be great variation even within the sand
forest vegetation type in terms of suitable suni habitat (e.g.
Gaugris et al., 2004).
Interspecific competition between nyala and suni has
been cited as a cause for concern for decline of suni pop-
ulations (Lawson, 1986), and control of nyala numbers is
a recommended management strategy for suni conserva-
tion (East, 1999; Friedmann & Daly, 2004). Our results
directly contradict the notion that there are any effects of
conspecific browsers on the spatial distribution of suni in
Tembe Elephant Park, as suggested by Lawson (1986).
Lawson’s (1986) report on interspecific competition with
nyala was based on a single South African park and was
written retrospectively with anecdotal information.
Therefore, no clear empirical evidence has to date been
presented of negative impacts of nyala on suni. Further
studies are urgently needed to identify how nyala and
other browsing species may affect suni, and at what
population densities. The current management recom-
mendation of culling nyala to protect suni populations
lacks scientific support and should be seriously questioned
until such support has been presented.
This study agrees with previous suggestions that sand
forest provides important habitat for suni in South Africa.
However, we have shown that suni occur in closed
woodland as well, and that vegetation structure may be
the driving factor behind suni distribution, including the
apparent preference for certain vegetation types. This
highlights the need for a more detailed assessment of their
current distribution in South Africa and the factors that
determine the same.
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